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Objective: To determine if enteroviral infection is linked to myocarditis and dilated cardiomyopathy. Enteroviruses, 
especially coxsackieviruses, appear to  be the most common agents of viral myocarditis. 
Methods: We collected 53 endomyocardial biopsies and two autopsy specimens from 41 patients affected by 
myocarditis or dilated cardiomyopathy. The patients were diagnosed clinically, hemodynamically, virologically and 
histologically (Dallas classification). We tested for the presence of enteroviral sequences by PCR, using 5' non-coding 
(coxsackievirus 83, CB3, map position 450-474, 584-603) derived primers. Specificity was confirmed using the Southern 
blot. We used a fraction of CB3 acutely infected mouse myocardial tissue as a control. 
Results: We detected enteroviral sequences in four patients with active myocarditis, borderline myocarditis or 
cardiomyopathy. The patient with active myocarditis had shown neutralizing antibodies in serologic analysis for 
coxsackievirus 83 and B5. 
Conclusions: The data support a weak link of enteroviral infection to human myocarditis and dilated cardiornyopathy, 
at least when using a PCR assay on biopsies. 
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I NTRO D U CTlON 
The etiopathogenesis of myocarditis and its relation to 
dilated cardiomyopathy have been widely studied in the 
last 10 years. Many authors report that rnyocarditis is 
associated with enteroviral infection, especially 
infection from coxsackieviruses [1,2]. Many researchers 
suggest that dilated cardioniyopathy is the result of a 
previous, ongoing inyocarditis, because of serologic 
association [2,31. Other studies do not support this 
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association, based on a lack of enteroviral isolation or 
antigen detection [1,4]; possibly due to the low level 
viral active replication in the human myocardium. 
Recently, molecular hybridization studies detected 
enteroviral R N A  in myocardial tissue in the absence of 
detectable infectious virus particles or antigens 12571.  
The inyocardia of patients affected by rnyocarditis or 
dilated cardioniyopathy infrequently show the presence 
of enteroviral nticleic acid. The percentage of positive 
samples has varied widely in different studies, depend- 
ing on the molecular techniques used [6,8-10]. The 
polymerase chain reaction (I'CK) seeins to be the most 
suitable technique for this purpose because of the high 
amplification level of specific viral R N A  obtainable 
[5,7] from the usually very low concentration in endo- 
myocardial biopsies 141. We have used the I'CK to 
detect enteroviral genomes in the myocardial tissue 
of patients with clinical and histologic diagnosis of 
inyocarditis or dilated cardioiiiyopathy. 
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METHODS 
Patients 
All patients underwent a clinical and anamnestic 
evaluation of possible previous infections and were 
tested twice for the following viral neutralizing titers: 
adenovirus, cytomegalovirus and coxsackievirus. The 
method used for neutralizing antibody testing has been 
previously reported [1,6]. IgM and IgG titers were 
monitored to detect any continuing humoral immune 
response. 
All patients were submitted to right and left 
catheterization and coronary angiography, together 
with a right or left endomyocardial biopsy, performed 
with the King's College biotome through the femoral 
artery or vein [l I ] .  
We chose specimens of myocarlal tissue from 44 
biopsies and two autopsy specimens from 41 patients 
(30 males, 11 females, mean age 40) who showed 
clinical evidence of inyocarditis (seven patients) or 
dilated cardiomyopathy (34 patients). As negative 
controls, we analyzed the explanted myocardic tissue of 
10 patients who died of extramyocardial causes. 
Endomyocardial biopsy 
Four to five tissue samples were taken from each biopsy. 
All but one were treated for light and electron micros- 
copy The specimens prepared for light microscopy 
were fixed in formalin 10% for 2 h at rooni ternpera- 
ture, and then hydrated and embedded in paraffin. 
Sections of 5 pin were cut and stained with heina- 
toxylin and eosin; connective tissue was counterstained 
with trichromium. Samples prepared for electron 
microscopy were fixed in 2.5% glutaraldehyde in 
cacodylate buffer 0.1%, pH 7.2; they were then fixed 
in 1% 0 ~ 0 4 ,  dehydrated and embedded in epoxy resin. 
Sections of 500-600 iim were cut and stained (with 
lead citrate and ammonium acetate). One specimen 
from each biopsy was instantly frozen and saved at 
-80 "C for PCK analysis. 
The histologic diagnosis was carried ou t  following 
the Dallas classification [ 12,131. 
Murine myocardial tissue 
Coxsackievirus B3 and B5 (CVB3 and CVB5) were 
replicated in the KB (human oropharyngeal epith- 
elioid) cell line. Cells were grown in 25-cm2 tissue- 
culture flasks using a KPMI 1640 medium containing 
10%, fetal calfserum, glutainine (2 mM) and gentaniicin 
(50 pg/niL) incubated at  37 "C until confluent. Before 
infection, cells were washed twice with RPMI 1640 
containing glutamine and gentamicin, and then seeded 
with CVB3 and CVB5 at total titers of lo6 particles or 
50% tissue culture infection dose (lo6 TCIDso). After 
a 1.5-h incubation, 8 mL of KPMI 1640 were added. 
The cells were incubated at 37 "C for 6 h, until 25- 
50% of the cell culture monolayers showed cytopathic 
effect. Uninfected Kl3 cells were used as a negative 
control. 
The supernatant fi-om KB infected cells was injected 
into eight newborn Balb C mice to obtain an acute 
infection by CVB3. The animals were sacrificed, also 
for the purpose of this study, in duplicate, at different 
times after infection (12, 24, 36 and 48 h); the heart 
tissues were removed, washed in Dulbecco's phosphate- 
buffered saline, flash frozen in liquid nitrogen, and 
stored at  -80 "C for use in aliquots equivalent to 
human niyocardial biopsy amounts. Eight uninfected 
control animals were also studied. 
RNA extraction 
K N A  lysis buffer (4 mM guanidium isothiocyanate, 
25 m M  sodium citrate, pH 7, 0.5% sarcosyl, 0.1 M 
2-niercaptoethanol) [14] was used for myocardial tissue 
biopsies (200 pl), 1 g of autopsy tissue (10 ml), infected 
and uninfected monolayers (1 0 ml). Samples were then 
extracted using a solution of 0.2 M sodium acetate, pH 
4, phenol and chloroforidisoaniyl alcohol [49: 11. Cold 
isopropanol was added during the aqueous phase to 
precipitate KNA, which was then dissolved in 1 mM 
EDTA and 6 mM MgCL (20 pl). Samples were then 
treated for 15 inin at  37 "C with 20 units of RNase- 
free DNase from bovine pancreas (Promega) to remove 
containinant DNA. Twenty-microgram extracts were 
used for the YCR assay. 
cDNA-polymerase chain reaction 
Amplification primers were derived from the 5' highly 
conserved untranslated genomic region of CVB3, map 
position 450-474 (sense), 584-603 (antisense) [15]: 
sense, CCTCCGGCCCCTGAATGCGGCTAAT; 
antisense, ACCGACGAATACCACTGTTA. 
Copy DNA synthesis was performed on the RNA 
purified from biopsies. As controls we used 100 ng of 
R N A  from CVB3 and CVBs infected and uninfected 
Kl3 cells. The reaction was conducted in Taq 
polymerase buffer (50 mM KC1, 10 i d 4  Tris-HC1, pH 
9.0, 0.1% Triton X-100), 50 pmol of antisense primer, 
7.5 mM MgC12, 1 mM dNTPs (deoxynucleotide 
triphosphates) and 10 units of AMV (avian myelo- 
blastosis virus) reverse transcriptase (Promega). This 
mixture was incubated at 42°C for 1 h, and then 50 
pmol of sense primer and 2.5 units of Taq polymerase 
(Promega) were added. Target sequences were then 
amplified for 35 cycles in a thermal cycler (Perkin 
Elmer Cetus, Gene Amp PCR System 9600): 30 s at 
94 "C (denaturation step), 30 s at 55 "C (annealing 
step), 45 s at 72 "C (chain elongation step). 
M a r i a n i  e t  a l :  D e t e c t i o n  o f  e n t e r o v i r a l  i n f e c t i o n  i n  m y o c a r d i a l  t i s s u e s  b y  P C R  1 1 1  
Analysis of the amplified products 
Twenty microliters of the amplification mixture were 
placed on 1% agarose gel and transferred, after 
denaturation with alkali, onto Nytran membrane filters 
(Schleicher & Schuell). After prehybridization for 2 h 
at 42 "C in sodium chloride sodium citrate (6 x SSC), 
Denhardt's solutiou (5 x), 100 pg/mL yeast tKNA 
(transfer RNA), 0.05%1 sodium pyrophosphate and 
0.5% sodium dodecylsulphate (SIX), niolecular 
hybridization was performed overnight at 42 "C in 
6 X  SSC, Denhardt's solution (1 x), I00 pg/niL yeast 
tKNA and 0.05% sodium pyrophosphate [16], with 
32p 3' end-labeled oligonucleotide as probe 
(CVB3, 5' untranslated region, map position 5'- 
ATGAAACCCACA-GGCACAAAG-3') [15]. The 
filters were then washed at 50 "C using 5 X  SSC, 0.1% 
SDS. Autoradiography was obtained using Dupont 
NIF-100 f i lms  for 16 to 72 h at - 8 0 O C .  
RESULTS 
The clinical and instrumental evaluation of the patients 
in this study confirmed left ventricular damage, with- 
out coronary disease, in all patients (left ventricular 
ejection fraction, LVEF: 30%2 10; cardiac output index 
CI: 1.8 L/min/m') leading to a clinical diagnosis of 
dilated cardiomyopathy. Patient no. 1 (Table 1) showed 
moderate damage (LVEF: 48%)); patient no. 4, who 
showed some clinical indications of myocarditis, 
exhibited poor ventricular function (LVEF: 35%; CI: 
2.8 L/niin/ni2); all other patients with some clinical 
indications of inyocarditis had left ventricular function 
indexes in  the normal range (LVEE 70'%?0.5%, CI: 
4..5?1 L/niin/m2). 
Only two patients showed positive neutralizing 
antibody titers for CVB3 and CVB5: one with some 
clinical indications of inyocarditis (patient no. 2) and 
the other with dilated cardiomyopathy (patient no. 22). 
Table 1 also shows the results of the histologic diag- 
nosis obtained using light and electronic microscopy. 
In  the group with probable myocarditis, two patients 
had a borderline picture, and the other five showed foci 
of active myocarditis. Two of these underwent a second 
endomyocardial biopsy after imniunosuppi-essive therapy 
and showed healing or healed myocarditis. 
In the group of patients with dilated cardio- 
inyopathy, 3 1 had non-specific damage (not included 
in Dallas classification) conipatible with the clinical and 
heniodynaniic diagnosis of dilated cardiomyopathy. 
Three patients showed healed or healing niyocarditis, 
while only one patient showed healing inyocarditis 
with some foci of activity. This last patient (no. 10) 
received a second biopsy after 4 months, which 
revealed healing niyocarditis with no activity. The 
patient died while on the waiting list for a heart 
transplant: a postmortem evaluation of a specimen of 
his heart returned similar results. 
The specificity of the P C R  in enteroviral sequences 
detection was tested in a time-course experiment using 
human-endomyocardial-biopsy-equivalent aniounts of 
tissue ti-om eight Balb C mice acutely infected with 
CVB3. This test returned strong positive results. Speci- 
ficity was also tested on eight tissues from uninfected 
mice; this test was negative (Figure 1). 
We detected 4/41 positive results in human endo- 
myocardial tissues (confirmed by Southern blot analysis 
on the amplified products) (Figure 2). One positive was 
from a patient with a clinical and histologic picture of 
active, recent myocarditis (no. 2, Table 1); a second 
was from patient no. 6, who showed some clinical 
indications of myocarditis, but a borderline picture at 
the endomyocardial biopsy; the third one w x  from 
patient no. 26, who had a clinical diagnosis of dilated 
cardiomyopathy and a histologic picture of non-specific 
damage. 
The fourth positive was obtained from the autopsy 
specimen of patient no. 10, who had undergone two 
previous biopsies, both of which gave negative results in 
PCR analysis. This patient had a clinical diagnosis of 
dilated cardioniyopathy with some foci of active 
inyocarditis at the first biopsy and of healing inyocarditis 
at the second endomyocardial biopsy (Table 1).  
No P C R  positivity was detected in explanted 
myocardial tissues from 10 patients who had died from 
extraniyocai-dial causes. 
DISCUSSION 
Several authors have suggested that enteroviral infection 
is important in the etiopathogenesis of cardiomyo- 
pathies and in the correlation between virus-induced 
niyocarditis and the development of dilated cardio- 
myopatliy [1,2]. 
In the last five years, research on viral niyocarditis, 
especially concerning CVB viruses, has used many 
different molecular approaches [6,8,9]: the most 
promising ones seem to rely on  the search for the K N A  
virus genome in myocardium tissue; recently, PCR 
analysis has been introduced to detect enteroviral, 
specific nucleic acid sequences [5,7], and it seems, at  
present, to be the most suitable technique for revealing 
viral genoniic fragments in sinall amounts, because of 
its ability to amplify more than 107-10x-fold the target 
sequences. 
Together with other authors [4,5,7,17] we have 
chosen an in vitro gene-amplification method because 
of the very low amount, if any, of persistent viral R N A  
in the myocardial tissue obtained with an endomyo- 
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Table 1 
relative results of P C R  analysis 
Clinical and diagnostic characteristics of patients with thcir histologic picture of endoniyocardial biopsies and 
Flu-like Incubat~oii 
Patient Sex Age Diagnosis syndrome time Arrhythmia Histology PCR 
1 
2 
3 
4 
6 
7 
8 
9 
1 0 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
3 
F 
M 
F 
F 
F 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
F 
M 
M 
F 
M 
M 
M 
F 
M 
M 
M 
F 
M 
M 
M 
M 
M 
M 
F 
F 
F 
M 
F 
M 
38 
21 
18 
27 
61 
21 
21 
56 
62 
23 
50 
44 
31 
42 
42 
24 
45 
50 
35 
18 
43 
45 
5 0 
43 
36 
39 
54 
57 
22 
56 
18 
27 
46 
48 
45 
38 
48 
53 
21 
52 
63 
Myocarditis 
Myocarditis 
Myocarditis 
Myocarditis 
Myocarditis 
Myocarditis 
Myocarditis 
DCM* 
DCM 
DCM 
DCM 
1)CM 
DCM 
DCM 
DCM 
I X M  
DCM 
1)CM 
DCM 
DCM 
DCM 
DCM 
DCM 
DCM 
DCM 
DCM 
DCM 
DCM 
1 X M  
DCM 
DCM 
I X M  
DCM 
I )CM 
DCM 
DCM 
1 X M  
DCM 
DCM 
DCM 
DCM 
Yes 
Yes 
YCS 
No 
No 
No 
Ye$ 
N 0 
Yes 
No 
Yes 
No 
No 
No 
No 
Yes 
No 
N o  
No 
No 
No 
No 
No 
No 
No  
No 
No 
No 
No 
No 
No 
No 
No 
No 
N O  
NO 
No 
No 
No 
No 
No 
3 months 
2 iiionths 
2 month< 
1 month 
2 months 
3 month5 
1 month 
No 
N o  
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
No 
Ye5 
NO 
No 
No 
Yes 
No 
No 
No 
Yes 
No 
Yes 
No 
No 
No 
No 
No 
No 
NO 
No 
Yes 
No 
No 
NO 
Yes 
No 
No 
No 
Yes 
NO 
No 
Active rnyocarditis 
Active niyocarditis 
Active niyocarditis 
Active inyocarditis 
Active niyocarditis 
Borderline 
Borderline 
Healed rnyocarditis 
DCM-aspecific 
Healing active myocarditis 
IICM-aspecific 
DCM-aspecific 
DCM-aspecific 
IXM-aspecific 
DCM-aspecific 
DCM-aspecific 
Healing 
DCM-aspecific 
DCM-aspecific 
1XM-aspecific 
DCM-acpecific 
DCM-aspecific 
DCM-aspecific 
DCM-aspccific 
DCM-aspecific 
DCM-aspecific 
DCM-aspecific 
IICM-aspecific 
DCM-aspecific 
IXM-aspecific 
DCM-aspecific 
DCM-aspecific 
1XM-aspecific 
DCM-aspecific 
1)CM-aspecific 
1)CM-aspecific 
DCM-aspccific 
DCM-aspecific 
1XM-aspecific 
DCM-aspecific 
DCM-aspccific 
DCM = dilated cardiornyopathy. 
K+ K-I K-e A B C D 
Figure 1 Southcrn blot analysis of cDNA P C R  products 
of acutely infected mouse myocardial tissue. K+, 0.1 pg 
total R N A  froiii KB infected cells with CVB3; K-1, 0.1 pg 
total R N A  from KB uninfected cells; K-2, uninfected mouse 
myocardial tissue; A, analyzed mouse myocardial tissue at 
12 h from infcction; B, analyzed mouse myocardial tissue 
at  24 h from infection; C, analyzed mouse myocardial 
tissue a t  36 h from infection; D analyzed mouse myocardial 
tissue at 48 h from infection. Seven microliters of EDTA 
solution containing K N A  from these tissues were used for 
cDNA P C R  analysis as previously described. All amplified 
products were hybridized with a CVB3 548-568 terminally 
"P-labeled probe at 42 "C overnight, and washed at 55 "C 
in 5XSSC, 0.1% SDS. 
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1 X 2 K-  3 X K- 4 5 K+ 
d 
Figure 2 
iiiyocarditis (patient no. 6 ) ;  2 ,  histologic picture of active iiiyocarditis (patient no. 2);  3, histologic picture of non-specific 
damage (patient no. 26);  4, histologic picture of dilated cardioniyopathy (patient no. 11, endomyocardial biopsied tissue); 5, 
histologic picture of dilated cardiomyopathy (patient no. 10, endoniyocardial autopsy tissue); X, HrO (no nucleic acid); K-, 
0.1 pg KB uninfected cell RNA; K+, 0.1 pg KR CVB3 infected cell RNA. Seven microliters of EDTA solution containing 
RNA from endoniyocardial biopsied and explanted tissues were used for cDNA PCR analysis. Labekd CVR3 probe and 
hybridization procedure are the same used for niouse myocardial tissue. 
Southern blot analysis of endoniyocardial biopsies atiiplified by cDNA PCR. 1, Histological picture of borderline 
cardial biopsy. We have used a set of primers and 
oligoprobe located in a region of the genome (5' un- 
translated region, CVB3 nucleotides 446-603) highly 
conserved in a large spectruni of related enteroviral 
genomes. The specificity of our probe was first 
confirmed 011 eight experimentally infected newborn 
mice, using an amount of myocardial tissue similar to 
that obtained with an endoniyocardial biopsy, and in 
eight mouse uninfected tissues. 
Grasso and coworkers [17] probed heart tissue 
with enterovirus CVB3 translated regions with dis- 
appointing results: possibly because as much as 46% of 
the samples of myocardium tested belonged to patients 
affected by ischemic heart disease, and 51% to patients 
affected by dilated cardioniyopathy with no histologic 
characteristics of active or previous inflammation. 
We, imtead, restricted our study to patients with 
clinical diagnoses of myocarditis or dilated cardiomy- 
opathy, with a histologic picture of active myocarditis 
in 12.19%) of all patients, borderline rnyocarditis in 
4.87%, and healing-healed niyocarditis in 7.31%). 
Thirty-one biopsies (75.6%) showed non-specific 
damage compatible with dilated cardioriiyopathy, but 
not with a previous virus infection, according to Ilallas 
criteria [12]. 
Our PCK results showed four positive samples. 
One of the patients had a clinical and histologic picture 
compatible with viral niyocarditis; neutralizing anti- 
bodies were detected for CVB3 (Table I ) .  The second 
positive patient had, instead, a borderline picture for 
active niyocarditis and no positive neutralizing antibody 
reaction, while the clinical suspicion was of myo- 
carditis. The histologic picture could be justified by the 
characteristic focal lesion of myocarditis, which easily 
causes a sampling error when using the endomyocardial 
biopsy technique. As a matter of fact, this is one of the 
limits of endomyocardial biopsy and probably the 
reason for the high percentage of negative retults in the 
literature; this particular limitation could explain the 
different results we obtained with the third positive 
patient. This patient had all the clinical features of 
dilated cardioniyopathy, with a recent history of 
probable virus infection, and was followed for more 
than 1 year, until he died while on the transplant 
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list. He underwent an endomyocardial biopsy which 
returned results compatible with a previous viral 
infection on histologic investigation, but which was 
negative by cDNA PCR; the autopsy specimen gave, 
instead, a highly positive result. The fourth positive 
patient was histologically negative for myocarditis, 
showed non-specific damage, and apparently did not fit 
into the Dallas criteria. 
In our group of patients few positive results were 
obtained (9.75%); this percentage is similar, however, 
to the results obtained in another study where cDNA 
for untranslated enteroviral regions was used (10.4%) 
[5]. In our study a positive P C R  product was associated 
with at least one sign of infection (clinical, histological 
and/or serologic), in all but one of 31 cases of dilated 
cardiomyopathies. The murine model of enteroviral 
infection in the myocardium shows multifocal or 
paucifocal lesions randomly distributed. This explains 
the inconsistent results found with human endomyo- 
cardial biopsies, and could explain the low and non- 
homogeneous positivity in our work and in the 
literature [l]. Moreover, it has been shown that viral 
RNA can be found in apparently normal myocardial 
cells, not only in the foci of compromised tissue [18]. 
All these aspects together, with the limitations of 
endomyocardial biopsy, could explain the difference in 
the results obtained with various molecular hybridiza- 
tion techniques from a number of studies. 
With the genomic primers we used it seems possible 
to associate enteroviral infection with human myo- 
carditis and relate it to the viral hypothesis for the 
etiopathogenesis of dilated cardiomyopathy; however, 
such detection is strictly dependent on the chance of 
collecting foci of infection in the myocardial tissue 
of well-selected patients with dilated cardiomyopathy 
of possible viral origin: in fact, a patient that had scored 
repetitively negative by biopsy tested positive when the 
explanted tissue was examined. 
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